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and give us a handle on the cellular apparatus.
Brd4 is a member of the double bromodomain family
of proteins and as such binds to acetylated histones
Although cortical nonmuscle myosin II has long beenH4 and H3 with much higher avidity than would single
implicated in cytokinetic aspects of cell division, therebromodomain proteins such as GCN5. Dey et al. (2003)
has never been strong evidence that it plays a role inhave shown that Brd4 will bind to di and tetra-acetylated
the organization of the mitotic spindle. Rosenblatt etbut not to monoacetylated histone tail peptides, so it
al. (2004, [this issue of Cell]) use a number of methodswould seem to be a player in deciphering the “histone
to show that cortical myosin II is in fact important forcode.” Most importantly, deletion studies of Brd4 show
spindle assembly in higher eukaryotic cells, specifi-that its binding to chromosomes (presumably through
cally for the complete separation of centrosomes afterattachment to the tails protruding from core nucleo-
nuclear envelope breakdown.somes) is dependent upon the bromodomains, and an
inhibitor of histone-deacetylase activity increases Brd4
During the year before I started graduate school, I usedavidity for chromatin. Brd4 attachment to cellular chro-
to argue with Daniel Mazia as to whether or not thematin through the bromodomains would not interfere
mitotic spindle should be considered as a true cyto-with E2 binding as the two domains are far apart on the
plasmic “organelle”. Dan argued that it should, primarilyprotein. In uninfected human or mouse cells, Brd4 binds
on the grounds that the spindle could be isolated, andto mitotic chromosomes in a rather diffuse manner. Why
his isolation of the spindle in the 1950s ultimately led,should a bromodomain protein be bound to mitotic chro-
among other things, to one of the early characterizationsmosomes in the first place, as one generally thinks of
of the protein tubulin (Kiefer et al., 1966). With furtherthe histones in condensed chromatin as being hypo-
advances in our understanding of the cell cycle, mitoticacetylated? Ectopic expression of Brd4 leads to cell
control, and the cytoskeleton, most of us might currentlycycle arrest before S phase (Maruyama et al., 2002) and
favor the view that formation of the mitotic spindle in-this is likely due to blocking the functions of the PCNA
volves a transient but wholesale restructuring of cyto-loader RFC by a direct association. However, this
plasmic organization at the level of the entire cell. Butdoesn’t seem to give us much insight into a mitotic
where, then, are the boundaries of the spindle withinfunction for Brd4. Houzelstein et al. (2002) have shown
the cytoplasm? In this issue of Cell, the realm of thethat Brd4 is an essential gene in mice and intriguingly
spindle becomes significantly bigger, as Rosenblatt etreport that by sequence analysis, Brd4 might be a mem-
al. (2004) describe an important role for cortical myosinber of the brd-like element found in the mediator com-
II in the assembly of the mitotic spindle in higher eukary-plex reported for the human transcriptional coactivator.
otic cells. Myosin II has long been recognized as impor-Perhaps this presages a role for Brd4 in transcriptional
tant for generating the contractile forces required forcontrol (either in a positive way for the next G1 or a
cytokinesis in conjunction with actin microfilaments andnegative way in shutting down G2 transcription in mito-
associated proteins in the cell cortex. Other studies havesis) and might even link PV gene expression to tethering.
also implicated interactions between microtubules and
the cell cortex as playing a role in positioning the spindle
for both asymmetric and symmetric cell divisions. How-
Michael Botchan ever, until now there has been little evidence that cortical
Department of Cell and Molecular Biology and myosin might play an active role in spindle assembly
Division of Biochemistry and Molecular Biology per se.
The University of California, Berkeley Rosenblatt et al.’s (2004) work begins with the obser-
vation that disruption of the actin cytoskeleton in Ptk2Berkeley, California 94720
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cells causes abnormalities in spindle formation. Addi-
tional drug studies using inhibitors that block myosin II
activity either directly (blebbistatin, a myosin II inhibitor)
or indirectly (Y-27632, an inhibitor of the Rho kinase
ROCK) produced similar results with accompanying de-
fects in the positions of chromosomes relative to the
spindle, collectively pointing to a failure to separate cen-
Figure 1. Drawings from E.B. Wilson’s 1896 Edition of “The Cell introsomes to the extent required for normal spindle as-
Development and Inheritance”sembly. Interestingly, videomicroscopy of cells express-
Shown at left is a cell in which centrosomes are well separated prioring GFP-tubulin revealed that inhibition of myosin II
to nuclear envelope breakdown (NEBD) during mitosis. At right isaffects spindle assembly only if nuclear envelope break-
a cell in which NEBD precedes extensive centrosome separation.
down (NEBD) occurs before centrosomes are well sepa- According to Wilson, cases of the former include “many plant cells
rated. If centrosomes are already well separated at the and cleavage-stages of many eggs,” while cases of the latter include
time of NEBD, inhibition of myosin II has little effect. “epidermal cells of salamander and formation of the polar bodies.”
This suggests that two temporally distinct mechanisms
may contribute to centrosome separation during the
locally by the astral microtubules themselves. Specifi-early stages of spindle assembly: first, a nuclear-enve-
cally, in regions with a high density of contacts betweenlope dependent mechanism, which probably involves
astral microtubules and the cell cortex, cortical contrac-microtubule motors and later, the nuclear-envelope-
tility would be locally inhibited, and thus, relative to suchindependent, but myosin-dependent, mechanism iden-
regions, other portions of the cell cortex would be moretified in this work. Thus, whether or not myosin II inhibi-
contractile. This imbalance of contractility would leadtion leads to spindle defects in any given cell would
to a net expansion of the less contractile surface zone,depend on the timing of centrosome separation and
which could, in theory, separate anything physicallymigration relative to NEBD. In some cells, this may be
coupled to that portion of the cortex. This model isstochastic, while in other cell types with different divi-
attractive in its simplicity, but it should be noted thatsion strategies one might expect to see relatively more
additional mechanisms must be postulated to provideof one or the other mechanism (see Figure 1).
an initial separation of asters, because if asters wereDrug studies on their own must be interpreted with
not separated to some extent, microtubules emanatingcare, and in this case representative concerns might
from the two centrosomes would largely overlap at sitesinclude the specificity of inhibitors, as Y-27632 is also
of cortical contact. Thus, it seems appropriate to thinka potent inhibitor of protein kinase C-related protein
of this mechanism as one that complements or extendskinase 2 (PRK2), related to Prk1/PKN (Davies et al.,
the initial microtubule-dependent separation of centro-2000). In addition, cells treated with blebbistatin suffered
somes that occurs prior to NEBD.from unexpectedly rapid photobleaching of GFP-tubulin,
What are the ramifications of this work? It is clear thatby mechanisms yet unknown. To find independent sup-
port for a role for myosin II in spindle assembly, the the role of the cell cortex in mitotic mechanism is not
authors also show that loss of myosin function by RNAi limited to positioning the spindle, whether for symmetric
against either myosin II heavy or light chains reproduces or asymmetric cell divisions. Rather, the cortex can have
the results of inhibitor studies, although without the time a much more direct involvement in spindle assembly
resolution offered by drugs. Another functional test, itself, although it may not always be essential. The nature
which also demonstrates that it is cortical rather than of the contacts between microtubules and the cortex in
cytoplasmic myosin II that is important, involved the this case are not yet known, but are likely to be molecu-
application of crosslinking lectins to the cell surface, to larly diverse (see, for example, Colombo et al., 2003;
block actomyosin-dependent cortical movements. As Gachet et al., 2004; Kusch et al., 2003). A final point of
with the other inhibitors, lectin treatment affects spindle interest is to think about how actomyosin-driven cortical
formation only when applied prior to NEBD. flow might be regulated by other factors—such as corti-
How could cortical myosin II promote centrosome cal contacts between neighboring cells growing in con-
separation to effect proper spindle formation? The tinuous layers or tissues—and how this may in turn af-
model proposed by Rosenblatt et al. (2004) is that during fect spindle assembly or function.
the early stages of spindle assembly, there is a coupling
between centrosomally nucleated astral microtubules
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Mayfield Roadwould be obvious problems with the model, not the least
Edinburgh EH9 3JRbeing that the cell would rapidly blow up like a balloon.
United KingdomHowever, using fluorescent latex beads attached to the
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